Cholangiocarcinoma is the second commonest primary malignancy of the liver; incidence and mortality rates are increasing worldwide [1, 2] . At the time of diagnosis, most patients have an unresectable disease and the global 5-year survival rate is < 5 % [3]. Noninvasive techniques, such as magnetic-resonance cholangiopancreatography, have shown great sensitivity and specificity in detecting malignant biliary strictures [4, 5] and are particularly efficient at evaluating the resectability of biliary tumors. Nonetheless, MRI does not provide any therapeutic action or anatomopathologic proof. Also, as fewer than 20 % of cholangiocarcinomas are suitable for surgical resection [1], biliary drainage using endoscopic retrograde cholangiopancreatography (ERCP) is often needed in cases of symptomatic biliary stenosis. Thus, ERCP represents a good opportunity to get an anatomopathologic diagnosis in order to guide the therapeutic approach. Biliary brushing during ERCP was first described by Osnes et al. in 1975 [6] and is nowadays the most commonly used diagnostic technique in cases of symptomatic biliary stricture to provide both a diagnosis as well as being a first-line therapy. It is a safe and simple diagnostic technique [7, 8] but its diagnostic performance is considered insufficient, as reported in three recent meta-analyses, with sensitivities between 41 % and 45 % [9 -11]. With the aim of increasing diagnostic yield from biliary cytology, many studies have also evaluated new generations of cytobrush, but with disappointing results [12] , or in limited series of patients [13] .
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Cholangiocarcinoma is the second commonest primary malignancy of the liver; incidence and mortality rates are increasing worldwide [1, 2] . At the time of diagnosis, most patients have an unresectable disease and the global 5-year survival rate is < 5 % [3] . Noninvasive techniques, such as magnetic-resonance cholangiopancreatography, have shown great sensitivity and specificity in detecting malignant biliary strictures [4, 5] and are particularly efficient at evaluating the resectability of biliary tumors. Nonetheless, MRI does not provide any therapeutic action or anatomopathologic proof. Also, as fewer than 20 % of cholangiocarcinomas are suitable for surgical resection [1] , biliary drainage using endoscopic retrograde cholangiopancreatography (ERCP) is often needed in cases of symptomatic biliary stenosis. Thus, ERCP represents a good opportunity to get an anatomopathologic diagnosis in order to guide the therapeutic approach. Biliary brushing during ERCP was first described by Osnes et al. in 1975 [6] and is nowadays the most commonly used diagnostic technique in cases of symptomatic biliary stricture to provide both a diagnosis as well as being a first-line therapy. It is a safe and simple diagnostic technique [7, 8] but its diagnostic performance is considered insufficient, as reported in three recent meta-analyses, with sensitivities between 41 % and 45 % [9 -11] . With the aim of increasing diagnostic yield from biliary cytology, many studies have also evaluated new generations of cytobrush, but with disappointing results [12] , or in limited series of patients [13] . The aim of our study was to evaluate the diagnostic accuracy of bile aspiration in association with biliary brushing used during ERCP. This three-* These authors contributed equally.
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Background and study aims: Endobiliary brushing during endoscopic retrograde cholangiopancreatography (ERCP) is the main technique used to diagnose a malignant stricture, but has a poor sensitivity. This study evaluated the diagnostic performance of bile aspiration associated with biliary brushing during ERCP to diagnose a malignant stricture, compared to brushing alone. Patients and methods: Between January 2007 and December 2012, all consecutive patients undergoing ERCP to treat a biliary stricture were included. After a biliary sphincterotomy, 3 mL to 10 mL of bile was aspirated into the brush catheter and collected in a dry sterile tube before and after brushing (to yield three samples). Brushing was performed as commonly recommended. Results: One hundred eleven patients (68 males, 43 females) were included; mean age 67 ± 15.4 years. A final diagnosis of malignant stricture was established in 51 patients, including 43 cholangiocarcinomas; 60 patients had benign strictures. Specificity (Sp) and positive predictive values were 100% for all samples. The diagnostic performance of the three-sample combination of bile aspiration + brushing + bile aspiration was significantly greater than brushing alone (P = 0.004): sensitivity (Se) = 84.3 % vs. Se = 66.7 %. The three-sample combination gave a negative predictive value of 88.2 %, and a diagnostic accuracy of 92.8 %. When suspicious results were added to malignant results as positive results, the threesample combination gave Sp = 91.7 % and Se = 94.1 %. Conclusions: In cases of biliary stricture, conducting bile aspiration before and after brushing significantly increased the ability to diagnose a malignant stricture with a sensitivity of 84.3 % (P = 0.004).
sample combination was compared with brushing alone in a large prospective cohort of patients with a biliary stricture.
Patients and methods
!
Patients
This study was performed at the Universitary Hospital of Grenoble-Alpes, France, from January 1, 2007 to December 31, 2012. Every patient that underwent ERCP to treat a biliary stricture with an undetermined diagnosis was prospectively recruited. Every stenosis was confirmed from preoperative imaging studies. Patients with a previous diagnosis of bile-duct malignancy were excluded. Stenoses caused by an extrinsic compression identified by preoperative imaging were also excluded. Stenoses with the suspicion of an intraductal tumor were included. If a stenosis was found isolated without any element of etiological orientation on preoperative examinations, it was considered as an undetermined stenosis. In cases of lithiasis extraction, patients were included only if a stenosis was revealed by post-extraction opacification; these stenoses were called post-lithiasis stenoses if no other diagnosis was found. Groups of patients were defined according to the undetermined character or not of the stenosis, the necessity or not to perform a dilatation before the sampling procedure, and the presence or not of an intraductal prosthesis placed during a previous procedure without realization of the three-sample combination either because first ERCP was performed in another center, or during an emergency. Patients with prosthesis were only included if stenoses were considered as undetermined. Every patient gave informed written consent. Our study was approved by an institutional review board and respected the principles of the Declaration of Helsinki.
Sampling technique
After a biliary sphincterotomy, a 0.035-inch guidewire was placed through the stenosis. A single-use cytology brush protected by an 8-Fr catheter (ref. FS-CB-1.5-S Cook ® ) was slipped onto the guide wire and positioned above the stricture. Initially, 3 mL to 10 mL of bile was aspirated into the brush catheter using a connected syringe and it was collected in a dry sterile tube. Brushing was then conducted using 10 passages in a to-and-fro motion across the stricture. After brushing, a second bile aspiration was conducted according to the same criteria as the first one. Thus, 3 samples were obtained from each patient: 2 aspirates and 1 from brushing. If the stenosis was considered too narrow by the operator, it was dilated using a biliary dilatation balloon between first aspiration and brushing.
Cytopathologic analysis
Classical cytological analyses (May Grumwald Griemsa, Papanicolaou stainings) were performed on both bile and brushing samples, and thin-layer cytology (ThinPrep ® PreservCyt Solution) was done on brushing samples. For each sample, the cytologist determined cellularity according to four categories (insufficient, poor, medium, rich) and the types of cells found (malignant, suspicious; inflammatory; normal). For each sample, a positive result was defined as the presence of malignant cells and to consider the 3-sample combination as positive, at least 1 sample among 3 had to provide malignant cells. Suspicious, inflammatory and normal samples were considered as negative. In addition, we then analyzed the diagnostic accuracy of each sample when suspicious results were added to malignant results as positive results. Malignancy was confirmed by histopathologic analysis or using evidence of clinical and radiological progression during the follow-up period. A benign stricture was defined as a stricture without suggestive evolution of a malignancy during a 1-year minimum follow-up, which included clinical, radiological, and biological surveillance, or histopathological analyses.
Statistical analyses
We used the non-parametric Wilcoxon paired tests to compare the cellularity of the different samples from each patient. The sensitivity/specificity (Se/Sp) balance, according to the diagnosis obtained from each sampling method, was represented by area under ROC curves (AUC) (with 95 % CI), and paired analyses were used to compare the AUCs between the 3-sample combination and brushing alone (Stata's roccomp command for correlated data), with a Bonferroni correction for multiple tests when required. AUCs were also used to compare the diagnostic performances of each sample between the different groups of patients. When the AUC comparison was not adapted to assess if sensitivity was significantly increased or not because of variations in specificity, both sensitivity and specificity were compared on their respective sides, between different sampling techniques, using the McNemar test. All statistical tests were 2-sided, and a P value < 0.05 was regarded as statistically significant. Statistical analyses were performed using IBM SPSS Statistics software, version 20.0 (IBM Corp., Armonk, NY), and Stata 13 (Stata Corp., College Station, TX). Fig. 1 , 127 patients were excluded because of a compressive pancreatic adenocarcinoma, 38 patients because of other compressive lesions, 15 patients because of a too short follow-up, and 4 patients because a histologic diagnosis had already been obtained before the ERCP. Thus, a total of 111 consecutive patients were included in the analyses.
Results
!
Characteristics of the patients
The patients' main characteristics are summarized in • " Table 1 . There were 68 males and 43 females, with a mean age of 66.8 ± 15.4 years. Biliary stenoses were located in the common bile duct in 77 cases (69.4 %), on the bile-duct bifurcation in 27 cases (24.3 %), and 7 had intrahepatic strictures (6.3 %). Seventy-six patients (68 %) presented with an undetermined stenosis and 16 of them were later diagnosed as being malignant (22 %). In contrast, 35 (32 %) diagnoses of a tumoral stenosis were already suspected from preoperative imaging because of the presence of an intraductal process or metastasis. Among all the patients, there were 9 ERCPs (8.1 %) with adverse events (AEs) as described in• " Table 1 .
A final diagnosis of malignant stricture was established in 51 patients with 7 pancreatic adenocarcinomas without any nodules, 43 cholangiocarcinomas and 1 ampulloma, and in 60 cases, the stenosis was considered benign as detailed in • " Table 2 . Sixteen malignant stenoses and 10 benign stenoses were confirmed by histologic examination.
Cytology yield
All included ERCPs allowed all 3 samples to be obtained. As Fig. 2 , only 17 (15.3 %) brushing samples were rich in cells whereas bile aspiration produced samples with rich cellularity in 62 (55.9 %) cases before brushing and 66 (59.5 %) cases after brushing. The addition of medium-cellularity samples to the cell-rich samples, considered as "high-quality" samples, represented 74.8 % and 80.2 % of samples with bile aspiration before and after brushing, respectively, whereas brushing provided only 52.3 % of "high quality" samples. Consequently, bile aspiration provided better-quality samples than brushing alone (P < 0.0001), without significant difference between both bile aspiration samples (P = 0.484).
Diagnostic performances
The data on the diagnosis of malignant stenoses and the detection of malignant cells through cytology are shown in • " Table 3 . Each sampling technique had a specificity (Sp) and a positive predictive value (PPV) of 100 %. The sensitivities (Se) and negative predictive values (NPVs) were as follows: 66.7 % and 77.9 % for brushing alone, 72.6 % and 81.1 % when bile aspiration was done before brushing, and 76.5 % and 83.3 % when bile aspiration was done after brushing. None of these results varied significantly from each other.
Se and NPV of the 3-sample combination reached respectively 84.3 % and 88.2 %, with a diagnostic accuracy of 92.8 % which was significantly superior to brushing alone (P = 0.004). Combining brushing with only 1 bile-aspiration sample as a way to eventually increase the cost-effectiveness of the technique still gave significantly higher results than brushing alone, as shown in Table 3 , with the same ability to diagnose a malignant stenosis as the 3-sample combination, for the association of brushing plus bile aspiration after brushing. When suspicious cells in addition to malignant cells were considered as positive results (• " Table 4), brushing alone was able to diagnose malignant stenoses at Sp = 95 % and Se = 80.4 %, whereas the 3-sample combination had significantly greater sensitivity (Se = 94.1 %, McNemar test: P = 0.008), without a significant decrease in specificity (Sp = 91.7 %, McNemar test: P = 0.157).
Group analyses
Data for undetermined stenosis (n = 76) are summarized in Table 5 . Sp and PPV were still 100 %, and Se and NPV were as follows: brushing alone, 43.8 % and 87.0 %, respectively, and 3-sample combination, 62.5 % and 90.9 %, respectively. No statistical differences were found (P = 0.06). When suspicious cytologic results were combined with malignant cells, brushing alone resulted in Sp of 95.0 % and Se of 68.8 % whereas the 3-sample combination resulted in Sp of 91.7 % and Se of 87.5 % (• " Table 6 ). No statistical differences were found (AUCs comparison: P = 0.136; McNemar test: P = 0.0833). In patients with a biliary dilatation before sampling (n = 24), diagnostic accuracy was unchanged for brushing, and increased for the 3-sample combination with sensitivity of 100 % (P = 0.002) (• " Table 7) . In patients with a prosthesis from a previous procedure (n = 18), diagnostic accuracy was dramatically decreased with a sensitivity of only 40 % for both brushing alone and the 3-sample combination (• " Table 8) .
Discussion
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This study shows that the combination of bile aspiration and brushing increased diagnostic yield and gave richer cellularity, and thus, greater diagnostic accuracy from cytologic analyses Original article E999 THIEME This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited. Sp, specificity; Se, sensitivity; PPV, positive predictive value; NPV, negative predictive value; AUC, area under the curve. ND = not determined because of irrelevance of this statistical comparison and the increase of alpha error if done. 1 AUCs were compared between "Brushing alone" and the "Three combined samples". Sp, specificity; Se, sensitivity; PPV, positive predictive value; NPV, negative predictive value; AUC, area under the curve. ND = not determined because of irrelevance of this statistical comparison and the increase of alpha error if done. 1 AUCs were compared between "Brushing alone" and the "Three combined samples". Sp, specificity; Se, sensitivity; PPV, positive predictive value; NPV, negative predictive value; AUC, area under the curve. ND = not determined because of irrelevance of this statistical comparison and the increase of alpha error if done. 1 AUCs were compared between "Brushing alone" and the "Three combined samples". Original article E1001 THIEME compared to brushing alone. Indeed, by providing a large amount of cells, bile aspiration increases the probability of detecting tumor cells. Brushing has a low yield and is often insufficient to establish a clear diagnosis, but none of the bile samples alone had statistically greater diagnostic accuracy than brushing. Thus, there is no argument for excluding brushing from the standard procedure, and it has to be associated with at least 1 bile sample, especially bile-aspiration after brushing whose association reaches the same rate of diagnosis to detect malignant cells as the 3-sample combination (Se = 84.3 %, Sp = 100 %). Brushing may potentiate the cytologic yield from bile aspiration conducted after brushing by increasing desquamation of bile-duct cells through its mechanical action, even if we did not find statistical difference between bile aspiration before and after brushing. Also, good performance of brushing alone could be due, in part, to an increase in cells trapped in the brush during first bile aspiration.
In this study, we first tested malignant cells only, to obtain a positive-diagnosis result, and excluded suspicious results from the analyses. However, we then tested the diagnostic performances of each of the 3 different samples individually and in combination when suspicious results were included in the positive results. The 3-sample combination showed very high sensitivity (Se = 94.1 %), which was statistically superior to brushing alone (P = 0.008) and did not significantly decrease specificity (Sp = 91.7 %). This confirms the results of a previous study, conducted in 2012, which assessed bile aspiration in 42 patients with a suspected malignant biliary stricture and found a sensitivity of 89 % to detect malignant stenosis when combining suspicious and malignant cells [14] . ERCP is often done after determinant imaging, such as computed tomography scans or magnetic resonance imaging. Consequently, in our study, the majority of malignant biliary stenoses were already suspected after the preoperative work-up. Nevertheless, we wanted to analyze the diagnostic performance of our technique in cases of biliary stenoses when imaging could not provide a suspected diagnosis, which corresponds to a classical but difficult situation for clinicians. In these undetermined stenoses, a diagnosis of malignancy within each sample remained low, without a significant difference between brushing alone and the 3-sample combination, Se = 43.8 % vs. 62.5 % (= 0.063), probably because of a lack of statistical power. The addition of suspicious results to positive results revealed a sensitivity to diagnose malignant stenoses of almost 90 % in undetermined stenoses when the 3 samples were combined, with only 2 false-negative results (one ampullary adenocarcinoma diagnosed 1 year later, and 1 cholangiocarcinoma), whereas the sensitivity of brushing alone remained inferior to 70 % (P = 0.083). Even if this did not reach statistical difference, it showed again how much bile aspiration seems to help the detection of malignant stenoses. The addition of suspicious cells could increase the risk of unnecessary surgical procedure. However, as mentioned before, realization of ERCP is always included in a clinical context with additional examinations which can guide the strategy. Moreover, avoid a false-negative result is also a major issue regarding the severity of biliary malignant diseases. Thus, the treatment of patients with suspicious cells without malignant cells has to be discussed and requires a multidisciplinary decision. As the presence of an endobiliary prosthesis dramatically decreased the sensitivity of all samples, it seems essential to assess the 3-sample combination before any prosthesis placement to increase the chance of achieving a cytologic diagnosis. In addition, our new method had an overall AE rate that was comparable to large series in the literature [7, 8, 15] . One of the limits of our study is its monocentric nature. Indeed cytologic diagnosis has interobserver variation [16] . Because the vast majority of the samples were analyzed by the same pathologist, the result of this monocentric study has to be confirmed by a multicenter prospective study comparing the brushing alone to the 3-sample combination. A bigger study would also increase the statistical power, which is limited especially for undetermined stenosis. Another limit is the absence of blind cytologic analysis. Nevertheless, in all undetermined stenoses, cytologists were, by definition, blinded, and diagnostic performances of bile aspiration were still much better than those of the brushing. In our study, only a few patients had a histopathologic confirmation for obvious ethical reasons. In the large majority of patients, the diagnostic confirmation was based on their clinical course in order to confirm or exclude the possibility of a malignant stenosis, as described in the method section. This attitude corresponds to the present standards of clinical practice in front of a biliary stenosis. By its greater sensitivity to diagnose malignant biliary stenosis, it should reduce the number of unnecessary additional diagnostic procedures and the overall cost of diagnosing biliary strictures, even though cost-effectiveness was not investigated. Moreover, this technique can be used by all biliary endoscopists who perform ERCP, as its technical difficulty is the same as for brushing alone. Our method seemed to have a much higher diagnostic yield than another simple and routinely used technique, such as per ERCP intraductal biopsies, which had a sensitivity of 48.1 % in a recent meta-analysis [11] . Also, several studies report on methods attempting to improve diagnostic yield from endobiliary samples through researching new biological markers. For example, fluorescent in situ hybridization seems to have very high diagnostic performances (Se = 89 % and Sp = 97 %) when detection of deletion 9q21 and polysomy is associated with cytologic analysis of brushing [17] . These diagnostic performances could even be better in association with our new method. Also, some new markers are assessed in bile such as neutrophil gelatinase-associated lipocalin (NGAL) with promising results in the diagnosis of malignant stenosis, which suggested that bile is very interesting to study [18] . On the other hand, new endoscopic techniques such as cholangioscopy biopsies and confocal laser endomicroscopy are being developed. The first one suffers from a low sensitivity, around 75 % [19] . The second one requires a really high level of expertise, and despite its excellent sensitivity, its diagnostic performance is still low as its specificity is 67 % in a recent prospective study [20] . For now, none of these techniques seem to have a greater diagnostic accuracy and they are costly procedures which are not easily accessible to the majority of endoscopic centers.
In conclusion, our study shows that performing bile aspiration before and after brushing during ERCP significantly increased the ability to diagnose malignant bile-duct strictures. This method could be used as a standard procedure to improve the diagnosis of malignant strictures, especially cholangiocarcinoma.
